Games are widely recognized for their potential to enhance students' learning. Yet they are only rarely used in classrooms because they cannot be modified to meet the needs of a particular class. This paper describes a novel approach to creating educational software that addresses this problem: provide an interface specifically for teachers that enables them to define the content of the games, and track the impact on their students' learning. The games themselves use physical interfaces and multimedia to encourage collaboration and keep students active and engaged. Two specific applications are described, along with results of field-testing the applications in local elementary schools. A system for disseminating and sharing the teacher-defined content is also presented.
INTRODUCTION
Recognizing that people can have different intelligences corresponding to different ways of learning (Gardner, 1983) has led educators to call for changes in the approach to teaching (Bransford et al, 2000) . These changes include providing active learning experiences that develop students' understanding and skill levels by scaffolding, building on their own prior understanding and the understanding of their classmates. At the same time, the importance of play to children's development is also being recognized (Vygotsky, 1978) .
One way of providing active learning through play is with educational computer games. Gee (2003) points out that learning is a natural part of playing any game: to play a game well, one must understand the complex sign systems inherent in it. He believes that we can therefore teach more effectively by emulating the immersive qualities of games. And so, the numbers of educational games that are available have grown. In the stores, toy shelves are filled with learning games for youngsters (Buckleitner, 2008) . Games for older children, developed and tested by researchers, teach concepts in engineering, math, and science (Shaffer, 2006; Morales et al, 2006; Elliot and Bruckman, 2002) . Even popular commercial games, such as the Civilization series, can be used to teach important concepts in the classroom (Squire and Barab, 2004) .
Physical or tangible interfaces can make learning games even more effective, by enabling students to directly manipulate tangible representations of concepts (Ishii, 1997) and engaging physical learners (Gardner, 1983) . Physical interfaces also make it possible for groups of students to work together on a problem, without having to decide who gets to control the mouse. This type of collaborative learning enables students to help one another, build on one another's knowledge, and stay focused on the problem (Marshall, 2007; Scarlatos, 2002) .
Tangible user interfaces have been implemented in a variety of manipulatives for learning, from Montessori-inspired manipulatives (Zuckerman et al, 2005) to math manipulatives (Scarlatos, 2006) . Advances in materials science have made it possible to create an even wider range of objects that children can interact with in a game (Eisenberg, 2005) . More general physical learning environments have also been developed, such as SMALLab which provides an interactive environment that enables students to discover and learn together collaboratively (Birchfield et al, 2006 ).
Yet even with the advent of all these games for learning, widespread use of computer games in classrooms is still elusive. A primary reason for this is that the games that are available frequently do not meet the needs of the particular curriculum, teacher, or class of students. One approach that has been taken to remedy this is to involve children in the design of the games.
Druin has been in the forefront of this approach, working with students to create software and tools that enable other children to create learning experiences Guha et al, 2004 ). Prensky also believes that students should be involved in the creation of educational games for other students (2007) . Yet even when the game designers do consult with children, educators, or education research, the resulting games are unable to adapt to specific situations and/or changing needs. One way to address this is to create tools that allow children to create their own content. For example, tools have been developed for collaboratively creating stories with tangible user interfaces (Stanton et al, 2001; Montemayor et al, 2004) , and for creating computer games (Howland et al, 2007) . At the MIT Media Labs, Resnick has developed digital manipulatives that allow children to explore concepts related to dynamics and systems (Resnick et al, 1998 ). Yet although these tools allow students to freely engage in exploratory learning, students often need their instruction to be guided by an educator who understands what needs to be taught. Furthermore, students with different skills and knowledge often require differentiated instruction from a teacher.
Our approach is to create games that present students with problems or activities that are designed, by an instructor, specifically for the players of the game. A teacher's interface allows an instructor to define the game's content, assign it to specific players, and then later review the performance of the students in order to guide the design of subsequent game modules. Using this interface, the teacher can create different activities for different classes, and even different students within those classes. In this paper, we describe two educational applications that use teacher-defined content in this manner. Both applications employ physical interfaces to make them more engaging and game-like. We discuss the teachers' interface, emphasizing how content can vary. We then present results of initial field tests conducted at local elementary schools. Finally, we describe a system for disseminating the game and the teacher content online.
EDUCATIONAL APPLICATIONS
Two of our educational games are currently being distributed through Eastern Suffolk BOCES Model Schools program (Roces et al, 2007) : SmartStep and WriteOn. SmartStep focuses on math, while WriteOn focuses on writing. Both are targeted at elementary school students. Student and teacher applications are provided for each. These applications were developed using Macromedia Director, a multimedia authoring environment that facilitates rapid prototyping and development. The completed applications are distributed as executables for both Windows and Macintosh platforms.
SmartStep
As shown in our standardized tests, only 39% of American fourth graders are at or above the Proficient level in math (Lee et al, 2007a) . One of the best ways to gain proficiency with numbers and operations is with practice (Gersten et al, 2008) . Furthermore, it is best when this practice is individualized, so that students only drill what is needed (Van de Walle, 2001 ).
SmartStep reinforces basic math skills by having K-5 students solve math equations, using a DDR (Dance Dance Revolution) dance pad for input. As in hopscotch or jump rope, the physical activity helps to keep students engaged while honing motor skills, pattern recognition, rhythm and coordination. Although SmartStep was designed to be used by one student at a time, we have found that small groups of students, gathered around the dance pad, can effectively collaborate in the activity. Even when a single student is using SmartStep in the classroom, we have observed fellow students shouting encouragement and offering help.
The content of a SmartStep game is determined by a playlist, which points to one or more math activities. Each math activity, in turn, is defined by one or more equations, which are stored as strings. An equation can contain both literals and variables, and is interpreted using standard precedence ordering. A variable may be either a random number (with the range specified), a number from a sequence (with the first number, increment, and size of the set specified), or a number selected from a set (with all of the values in the set explicitly specified). Parameters within the activity determine an ordering for the equations, how many problems will be presented (using the equations to generate them), and how much time will be allowed to solve each problem. This content structure allows for a great deal of flexibility, while maintaining a small record size.
Student Game
The student application uses a colorful animated interface to guide students and provide feedback. All interaction with this application is conducted with the dance pad. Students start their SmartStep sessions by signing in with a user name or code assigned by the instructor. This determines which learning activity will be used. If the student does not enter a user name, a default activity is used. shows how many wrong answers have been given. When a student steps on the correct answer, a check appears over the corresponding square; points are accumulated; the middle frog wags his head happily; and the next problem appears. When a student steps on an incorrect answer, an 'X' appears over the corresponding square; the number of wrong answers increases while the bottom frog smiles gleefully; and the problem remains on the screen. After answering incorrectly three times, a translucent footprint appears over the correct answer.
The game ends either when the student has answered all of the questions, or when the game times out. A final screen shows how the student did (figure 2). If the student has accumulated more points than wrong answers, and the game did not time out, then the student "wins". Data reflecting how the student did is saved in a time-stamped record in the database.
Teacher Application
The teacher application allows teachers to define activities, assign activities to groups of students, and maintain a database of their own students. Figure 3 shows all of the options available to the instructor.
Unlike the student application, all interaction for this application is conducted with a mouse and keyboard.
A teacher using the system is given a default account and password, which provides access to the rest of the system. New accounts may be created for additional teachers; or a single teacher Figure 3 . SmartStep teacher's main menu may generate multiple accounts representing different classes that he or she is teaching. Student accounts are created in association with a particular teacher account, which enables the teacher to define activities for the students and review their performance.
The teacher labels a new math activity with a name, and then uses the menu-based interface to define a set of equations for the students to solve. An equation can use any combination of addition, subtraction, multiplication, and division, using both variables and constant values.
Parentheses may also be used to show precedence. The teacher can use default settings for the variables, or change those settings to define different ranges, sequences, and sets. The use of variables and "shuffling" ensures that students will see a different set of problems each time they play. An activity can also include more than one equation, and have those shuffled as well.
For example, students can learn that multiplication is commutative by solving "R1 x 3" and "3 x R1" in a "three times" activity. Finally, the instructor also specifies how many problems to generate for each game, and how much time to allot for each problem.
The teacher creates a playlist by selecting one or more pre-defined math activities from a menu.
A playlist is then assigned to one or more students in the teacher's class. It is this assignment that determines what problems will be presented to a particular student when he or she signs in on the student application.
WriteOn
Among American children in the fourth grade, only 31% can read at the proficient or advanced levels (Lee et al, 2007b) . Phonemic awareness (the ability to hear and identify sounds in spoken word), and phonics (the relationship between written letter and spoken sounds), have been pinpointed as two of the most crucial areas of instructional focus. For this reason, spelling lessons have become of major interest to grade school educators. WriteOn is a multimedia solution to this national crisis.
WriteOn gives children the opportunity to practice both their spelling and their handwriting.
Students are prompted by an audio cue to spell a word, which they can write on a graphics tablet or type on a keyboard. They can also write on an interactive whiteboard or touch screen, facilitating classroom collaboration.
A WriteOn lesson is stored as a list of spelling words. Each word in the list corresponds to an audio file, which has the teacher saying the word and putting it into context.
Student Application
Students using WriteOn must first sign in, so that their performance can be recorded in the database. If the student enters a username not found in the database, a new entry is made for that student. The student is then given a selection of lessons (i.e. spelling tests) to choose from.
In the lesson (figure 4), students are prompted by a pre-recorded voice to spell a particular word. They then write the word (to the best of their ability) on a writing tablet, or type it on the keyboard, and click a Submit button. If the spelling is correct, they receive auditory encouragement and then see the next word in the list. If the spelling is incorrect, any letter that they get correct will appear on the screen, while those that are in incorrect remain hidden with an underscore. The student has the ability to try wrong words until they get it right or skip a word if they find it too difficult. Skipped words, missed words, and an overall score are stored in a time-stamped record in the database at the conclusion of each lesson. 
Teacher Application
We initially created WriteOn with fifteen pre-made lessons, containing spelling lists for first graders developed by a master teacher. Each of these lessons focuses on a particular sound or phoneme. Because of the importance of phonemic awareness to this activity, and because synthetic voices can be difficult to understand, we recorded each of these words individually.
However, we soon recognized that other schools might have other spelling lists, and individual teachers might want to add words relating to other topics being taught in the classroom. We therefore added an option to the administrative interface enabling teachers to record their own lessons.
After a descriptive name is given to the new lesson, the application jumps to a recording interface. The teacher types each word in a text field, and records his or her voice prompting the student. The teacher can begin this prompt with instruction ("Spell the word …"), give an example of the word used in context, or simply say the word to be spelled. The interface provides an option for reviewing the recording before saving it in the list.
The teacher application also allows instructors to see how their students are doing (figure 5).
The student records show which words the student is having trouble with, and also shows improvement over time.
FIELD TEST RESULTS

SmartStep and WriteOn have both been distributed through the Model Schools program of the local Board of Cooperative Educational Services (BOCES). BOCES provides technology
coordinators to member schools, who help to install and use instructional technology in the classroom. We conducted two separate training sessions for these technology coordinators.
Altogether, we distributed 30 copies of the software and loaned out 23 dance pads and 6 graphics tablets, to be used in more than 30 schools across the area.
Most of the feedback that we received was regarding the use of SmartStep. We found that
SmartStep is generally used one of two ways:
either as a group learning activity during special sessions, or as an individual practice session in a corner of the classroom. In the first case, the technology coordinators have separate classrooms that groups of students are brought into. The SmartStep interface is projected on a screen in the front of the room, with the dance pad placed in front of it. The teacher will also generally play some upbeat music to set the mood. Students in this case will take turns solving problems, receiving encouragement from their classmates. Teachers Figure 6 . Using SmartStep in the classroom working in this mode have found that the encouragement that the players get helps to bolster confidence in their ability to "do the math", which translates into improved math skills over time.
In the second case, students who finish their in-class assignments early are "allowed" to play with SmartStep. Teachers have found that, in addition to improving students' math skills, this motivates students to do their other work quickly, so that they get a turn using the game. The response to SmartStep has been overwhelmingly positive. Table 1 shows sample teacher testimonials. In addition, teachers have told us that they like being able to adjust the content to make it fit the current needs of their students. They also like being able to review student performance. Table 2 shows sample student testimonials. The only complaint that we received from them was regarding the summary screen at the end. If the player runs out of time, the "timer frog" is shown to be crying. Children generally think this is too sad. We plan to fix this in a subsequent version.
Although WriteOn has had much less use, it has also proven to be a useful means of practicing skills already learned in the classroom. One surprising result is that, as we have discovered, learning can be further enhanced by having the students use the teacher application. For example, when a student is first given a spelling list, he or she is asked to create a WriteOn spelling lesson. The student subsequently gets practice writing the words, saying the words, and thinking of how to use those words in sentences. Students can then quiz themselves, using either their own lessons or lessons created by their classmates.
CONTENT DISTRIBUTION
Although teachers appreciate the ability to fine-tune the educational activities, teachers have little time to do much development. We have therefore devised a strategy for sharing the content over the Internet. Figure 7 shows the architecture for this system. In this system, a central website serves as a distribution center for the games. Here, students and teachers can download complete applications, updates, and user manuals. The website also serves as a center of the community using the game.
The student applications (games) can be downloaded by anyone. This way, students can use these games at home or at school. Although the games use physical interfaces in the preferred mode, traditional input devices (keyboard and mouse) can be used instead if the student does not have access to those physical interface devices. All of the games come with a default set of content representing standards within the curriculum.
Teachers must register with the system, using either a school or personal code, in order to use it. Using a password-protected account, the teacher can create accounts for his or her students, and assign them to groups for the purpose of distributing content. Content modules can be selected directly from a shared set, selected and then modified slightly, or created new by the teacher. Any new or modified lessons that the teacher makes are tagged with the teacher's account ID. Although the content is not visible to others by default, the teacher can choose to share lessons with others.
Once a student has an account on the system, he or she can sign in before playing the game. This ensures that the game will use the appropriate content for that student, and that the student's performance will be saved in the central database. Later on, the teacher can see which students have used the game, how many times they used it, and how well they did. The teacher can also view a class summary using a variety of views (e.g. average score, words or problems most commonly missed, etc.).
School administrators can see summaries of all the classes in their school, but cannot view information about individual students.
CONCLUSIONS
Both SmartStep and WriteOn have been proven as useful learning tools in the classroom. As we have shown, they may also be used in the home or assigned as homework, with students using these
applications to practice what they learned in school.
Key to the success of these programs is the ability to modify the content so that it fits the current needs of the curriculum, classroom, and individual students. We have presented a system for archiving activities designed by the teachers, distributing games and content to the students, and gathering evaluative data reflecting student performance. Our hope is that, with this system in place, teachers will find it easier to take advantage of the benefits offered by computer-based games and activities. 
